Introduction
[2] On April 1, 2007 a massive moment magnitude, M W 8.1 earthquake ruptured the megathrust beneath the western Solomon Islands (Figure 1 ). The event caused a locally large tsunami striking more than 300 coastal communities in the Western and Choiseul Provinces resulting in 52 fatalities and significant damage to livelihood [McAdoo et al., 2009] . Using coral uplift and subsidence data collected from two independent post-seismic surveys [Taylor et al., 2008; Fritz and Kalligaris, 2008] , we examine the spatial extent and variability of slip along the southeastern segment of the rupture zone, where subducted topography is diverse and significant local tsunami runup was measured. The tsunami runup peaked at 12 m on the northern tip of Simbo Island, washing away huts at Tapurai village ( Figure 1 ) [Fritz and Kalligaris, 2008] .
[3] The event ruptured the convergent plate interface along a portion of the southwestern Solomon Islands forming the San Cristobal Trench [e.g., Phinney et al., 2004; Miura et al., 2004; Taira et al., 2004] . To the north, a second subduction zone is consuming the Pacific plate and $30 km thick Ontong Java Plateau [Miura et al., 2004] . The subducting Pacific plate undercuts the thin active transform and ridge system to the south. Because of the unique dynamics of the subducted ridge, the earthquake ruptured across two subducting plates [Taylor et al., 2008; Furlong et al., 2009] . The earthquake initiated at the subduction interface of the downgoing Australian plate and ruptured westward across the downgoing Woodlark plate before terminating at the transition to the Solomon Sea plate where subduction of the Woodlark rise is ongoing (Figure 1) . Here, the dual subduction is thought to change from a mode where the Pacific plate undercuts the Australian and Woodlark plates, to one in which Solomon Sea plate subduction dominates as Pacific subduction begins to strike more northward [e.g., Phinney et al., 2004] . Subduction rates and directions change across the earthquake rupture zone from 96 mm a À1 of oblique convergence on the Australian plate to 106 mm a À1 of near-normal convergence on the Woodlark plate interface (rates compiled by Bird [2003] ).
[4] The subduction of the active ridge creates a unique environment with diverse subducting plate physiography, generating a transect of exposed land immediately on either side of the trench. At the transition between the downgoing Woodlark and Australian plates, Simbo ridge forms Simbo Island immediately seaward of the trench. Only 7 km across the trench, Ranongga Island exists presumably from permanent deformation in the hanging wall due to the deflection of the subducted ridge. After the event, uplift and subsidence measurements made across this transect and other islands over the southeastern end of the rupture zone provide a unique data set to constrain combined coseismic and early afterslip along the shallow megathrust.
[5] An early reconnaissance between April 10th and 24th, 2007 covered more than 65 villages on 13 islands in the Western and Choiseul Provinces measuring 175 tsunami and runup heights [Fritz and Kalligaris, 2008] , hereafter Fritz survey. Additionally, 37 measurements of rapid recent uplift and subsidence were recorded by the Fritz survey between April 12th and 20th, 2007 on 9 Islands (Figures 1b  and 1c) . Uplift was measured on exposed corals based on established methods [Taylor et al., 1987; Briggs et al., 2006; Meltzner et al., 2006] . Subsidence was determined based on boat docks, submerged navigation obstacles and engulfed trees. A maximum uplift of 3.6 m was measured on southwestern Ranongga Island on April 12th, while a maximum subsidence of 1.5 m was observed on Simbo Island with an accuracy of ±0.2 m correcting for predicted tides. A detailed land-level survey between April 16th and May 6th, 2007 measured co-seismic uplift and subsidence at 65 locations on 11 islands (Figures 1b and 1c) [Taylor et al., 2008] , hereafter Taylor survey. Both survey teams visited key islands, however, differences exist in time and location of measurements. For example, the Taylor survey only measured displacements on the east side of Ranongga, with a maximum uplift of 2.46 ± 0.14 m (on May 6th), approximately 1.1 m less than that observed on the west side about 6 km away by the Fritz survey more than three weeks prior. The Taylor survey measurements are generally less extreme both in uplift and subsidence, ruling out systematic differences in datum as an explanation. Regional meteorological deviations from the predicted tides cannot be assessed due to the lack of local tide station data. Similar co-seismic deformation patterns were determined based on satellite imagery [Taylor et al., 2008; Lubis and Isezaki, 2009] .
Methods
[6] The uplifted coral reefs and other observed vertical changes in coastal features provide both coseismic and early post-seismic vertical motions. The geodetic data used contained only vertical deformation relative to the sea surface, thus we choose to model only the dip-slip component of motion along the megathrust. This choice is consistent with the global centroid focal mechanism (gCMT) solution [Ekström and Nettles, 1997] that suggests predom- [Taylor et al., 2008; Fritz and Kalligaris, 2008] .
inantly thrust on a 37°north dipping plane. The uplift data density is sufficient in the eastern portion of the earthquake rupture zone to analyze the spatial variability in thrust there. We determine optimal solutions of dip-slip motion along discrete Okada [1992] dislocations defining the thrust plane. Okada [1992] dislocations describe a linear relationship between the modeled fault slip and predicted surface deformation, thus solutions for individual patches of slip can be superimposed as Green's functions that describe the total surface deformation field.
[7] For the Solomon Islands, we model the fault as striking 305°, the physiographic trend of the San Cristobal trench, and extending for northwest 294 km from Rendova Island (Figure 1 ; similar to the lengths described by Taylor et al. [2008] and Furlong et al., [2009] ). Because data only exists in the southeastern 60% of rupture, results are largely insensitive to the northwestern extent of the model. The optimal dip of the rupture interface is 29°and is further described below. Because the contribution of shallow rupture is important for estimating tsunami generation, we extend the model to the seafloor from a locking depth of 40 km, a reasonable maximum depth for interface rupture along a subduction zone [e.g., Scholz, 1998 ]. We discretize the fault into a 60 by 14 grid of approximately 5 Â 5 km uniform patches. While significant small and large-scale subducted topographic features are likely, particularly across the subducting Simbo Ridge, the interface morphology is not precisely known and hence we do not incorporate them in our model.
[8] To find the optimal slip distribution we used the Bounded Variable Least Squares method [e.g., Stark and Parker, 1995] to determine the optimal slip from individual patches within a finite range of possible solutions, solving for the l 2 -norm. We bound slip to a positive thrust less than 30 meters along the fault. The model resolution of fault slip for this event is highly variable, and is primarily controlled by the non-uniform spatial distribution of data, and depth of the modeled fault segment (see auxiliary material 1 for resolution testing). Deeper slip is reduced in magnitude and smoothed over a much larger region, while shallow slip is of large amplitude and highly localized. Because we lack coastal uplift data in the western $40% of the fault, we constrain this region to 3 m of thrust (approximate mean slip for an M W = 8.1 earthquake of comparable area and 30 GPa crustal rigidity). Testing a range of fixed thrust (between 2 and 8 m) in the unconstrained northwestern side had only minimal effects on the slip distributions for the southeastern segment (<10% on adjacent patches), illustrating the limited resolution in the northwest.
[9] The lowest misfit solution is often one that considers the motion of discrete patches to be independent, causing highly variable slip distribution with slip defined primarily by patches immediately below an individual uplift measurement. However, because slip on one patch will enhance the activity of adjacent patches through rupture momentum, it is appropriate to constrain fault slip spatially across the model by incorporating a smoothing parameter. We follow the method described by Harris and Segall [1987] to incorporate the smoothing factor, k that weights the second-order slip differential both along-strike and down-dip to reduce roughness (where k 2 = b by Harris and Segall [1987] ). Introducing and increasing the smoothing parameter, however, comes at a cost of increased misfit between the predicted and observed deformation. Thus, finding an optimal solution with realistic slip, while maintaining low misfit is moderately subjective, and hence no single solution should be considered definitive.
[10] The dip, d in this area is highly variable, increasing from near 0°to approximately 50°at 40 km depth [Fisher et al., 2007] . Because the along-strike dip is unknown, and was identified as highly variable where observed, we found it was necessary to independently solve for a single dipping plane that describes the entire ruptured interface. To constrain the dip of the subduction interface we performed a series of inversions for faults ranging between 5°and 45° (  Figure 2e ). The solutions maintain a strong double-minima of root-mean-square (RMS) misfit over a range of k at d = 20°and 29°that reflect a preferred value for each the Talyor and Fritz independent datasets, respectively. Our preferred solution of d = 29°is chosen because it is closer to the d = 37°-38°found in the gCMT solution [Ekström and Nettles, 2007] , and used by Taylor 
Results and Discussion
[11] We explore the effects of increasing the smoothing parameter to determine the point at which further increases have the cost of markedly higher misfits for additional smoothing [e.g., Jónsson et al., 2002] . At k between 600 and 1200, we find reasonable trade-off between misfit and fault roughness, r, as defined by Jónsson et al. [2002] (Figure 2) . At all tested smoothing values, slip in the shallow region continued toward the upper bound of the inversion model (30 m). The high slip values far exceed expected values for an M w 8.1 event, and likely contain substantial afterslip. Resolution testing ( Figures S2 and S3 ) suggest that the peak slip portion of the southeastern large slip patch is poorly resolved, and hence such high values should be disregarded (Figure 3) . The northwestern patch just west of Ranongga Island is better resolved, yet the westward extend of shallow slip is undetermined by our models due to a lack of land for data. It is probable that a broader zone of more moderate slip, similar to that in the coseismic model of Furlong et al. [2009] , is concentrated in a local high-slip patch here. Models testing the Taylor et al. [2008] and Fritz and Kalligaris [2008] surveys independently, similarly found two large shallow patches of displacement, but with reduced overall resolution ( Figure S4 ). Though not resolvable by our modeling, the increased displacements from earlier Fritz survey may be the effects of short-term poroelastic deformation.
[12] The two large slip patches observed in our models are consistent with the coseismic finite-fault model derived from seismic body-wave modeling [Furlong et al., 2009 ], but with geodetic slip predominantly occurring nearer the (Figure 2a ) and the fault model of Furlong et al. [2009] . Regions of low-to-no resolution (see Figures S2 and S3 ) in the geodetic model are covered by hatch marks. Slip is primarily in the shallow near-trench region, and largest on either side of Ranongga Island. Both models have two shallower and one deeper patch, however results from this study find deformation is generally shallower. (b) Modeled uplift, including the hinge-line of zero vertical deformation (dashed line) corresponds well to geodetic observations (circles: Fritz -black bordered; Taylor -white bordered). Arrows represent the predicted horizontal motion of the downgoing (white) and overriding plates (black). The region of maximum slip and modeled uplift is poorly resolved. trench (Figure 3 ). The models are inherently different in a number of ways: 1) this study incorporates up to one month of postseismic uplift, thus solutions are expected to be modestly larger than the coseismic only model; 2) Locally-derived geodetic solutions are mostly insensitive to rigidity, and hence better constrain the true slip in a region where rigidity may be poorly constrained; 3) The verticalonly data here only resolve the primarily thrust component of slip in this event, and only in the southeastern section where land coverage is significant; 4) Geodetic models have resolution that decreases proportionally with depth of the feature, hence small-scale slip features are geodetically best observed in the shallow trench; 5) The geographic location of the geodetic solution is locally referenced, while the seismic result is relative to a best estimate of the point of rupture nucleation [Furlong et al., 2009; T. Lay, personal communication, 2009] .
[13] Both of the preferred geodetic models of this study, and the finite-fault model of Furlong et al. [2009] , are dominated by two updip patches, and one moderate patch downdip of the subducting Simbo ridge (Figure 3 ). The reduced shallow slip observed along the subducting ridge may be due to significant permanent deformation building Ranongga Island on the hanging wall, or from reduced interface coupling due to a thin and mechanically weak young ridge.
[14] The locations of the shallow slip patches are confirmed by the location of the hinge-line (0 uplift line) along the coast (Figure 3b ), and consistent with the geodetic observations. The question whether most of this shallow slip occurred coseismically or as postseismic relaxation or afterslip, is not resolvable with the geodetic data alone. Tsunami data [Fritz and Kalligaris, 2008] and runup models using results from our study [Uslu et al., 2008; Wei et al., manuscript in preparation, 2009 ] yield mixed results. While our maximum modeled slip is likely overestimated, regionally large tsunami on Simbo's north tip and southwestern Ranongga with runup heights between 6 and 12 m, are of similar shape and magnitude, thus supporting coseismic generation of large slip along the western patch. This is further supported by the 5 m runup and tsunami damage on Choiseul Island located more than 100 km from the fault to the north of the New Georgia Sound, which are mostly likely reached by tsunami waves generated along the western patch [Fritz and Kalligaris, 2008] . However, the coastal areas on eastern Ranongga did not have significant tsunami damage, and hence any larger slip along the southeastern slip patch is likely postseismic. Significant shallow aseismic afterslip following the Solomon Island earthquake may be real. An interesting result of a GPS study following the M W = 8.7 Nias Earthquake in 2005, was that considerable afterslip occurred mostly updip of the main event [Hsu et al., 2006] . The shallow afterslip in the Nias earthquake, equivalent to a M W = 8.2 earthquake, is comparable to the total shallow slip seen in the Solomon Islands event, an event with similar along-strike rupture.
Conclusions
[15] Using geodetic near-shore uplift and subsidence data in the southeastern 60% of the April 1st, 2007 -M W 8.1 Solomon Islands earthquake, we identify highly variable, predominantly shallow regions of slip about Ranongga island. Shallow slip is concentrated in two shallow patches updip of coseismic models derived from teleseismic bodywaves. While the coseismic occurrence and absolute extent of thrust are not geodetically resolvable in these patches, tsunami runup data suggest the western patch was significantly coseismic.
